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ABSTRACT 
The Accuracy of a Post-Exercise Heart Rate Determined 
By Electronic Monitoring and Radial Artery 
Palpation Following Swimming Exercise 
Jonathan Kevin Kessel 
The purpose of this study was to investigate through 
electronic monitoring whether immediate post-exercise heart 
rates determined in an erect position are an accurate 
representation of heart rates achieved during swimming 
exercises performed in the prone position. In addition, a 
comparison was made to determine what differences, if any, 
existed between immediate post-exercise heart rates 
determined by radial palpation and immediate recovery heart 
rates determined by electronic monitoring. 
Fourteen male and four female members of the Eastern 
Illinois University Swim Program volunteered to be subjects. 
Each of the subjects swam eight lengths of the pool 
(200 yds.) at approximately 60-70 percent of their heart 
rate reserve. Heart rates were recorded continuously by a 
Vantage Performance Monitor during exercise and recovery 
periods. Immediately following exercise the subjects stood 
erect, located a radial pulse as quickly as possible and 
counted their pulse for a 10-second period. Simultaneously, 
the Vantage Performance Monitor recorded heart rates during 
this ten second period. 
An analysis of variance CANOVA) with repeated measures 
on the same subjects and Newman-Keuls post-hoc comparisons 
revealed significant differences between the three different 
measurements; the electronically monitored exercise heart 
rates, the electronically monitored recovery heart rates and 
the palpated recovery heart rates. 
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CHAPTER 1 
Introduction 
Many individuals who swim for exercise use a post-
exercise heart rate to assess the intensity of their 
workouts. However, to obtain a post-exercise heart rate 
there is a change in body position from exercise, which is 
either prone or supine, to recovery, which is erect. This 
change in body position may influence the post-exercise 
heart rate which could result in an inaccurate 
representation of the actual exercise heart rate. 
Puroose of the Study 
The purpose of this study was to investigate through 
electronic monitoring whether immediate post-exercise heart 
rates determined in an erect position are an accurate 
representation of heart rates achieved during swimming 
exercise performed in the prone position. In addition, a 
comparison was made to determine what differences, if any, 
existed between immediate post-exercise heart rates 
determined by radial artery palpation and immediate recovery 
heart rates determined by electronic monitoring. 
Null Hypotheses 
1. There is no difference between electronically 
monitored exercise heart rates recorded while swimming in 
the prone position and immediate post-exercise heart rates 
determined by electronic monitoring while in an upright 
position. 
2. There is no difference between electronically 
monitored exercise heart rates recorded while swimming in 
the prone position and immediate post-exercise heart rates 
determined by radial artery palpation. 
3. There is no difference between post-exercise heart 
rates determined by electronic monitoring and immediate 
post-exercise heart rates determined by radial artery 
palpation. 
Delimitations of the Study 
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This study investigated heart rate values determined by 
a Vantage Performance Monitor and by radial artery 
palpation. Fourteen male and four female members of the 
Eastern Illinois University Adult Fitness Swim Program, 
volunteered as subjects. 
Need for the Study 
It has been shown (Bevergard, Freyschuss and Strandell, 
1966; Bevergard, Holmgren and Jonsson, 1960, 1963; Kohrt, 
Morgan, Bates and Skinner, 1987; McArdle, Glaser and Magel, 
1971; Poliner et al., 1980; Stenberg, Astrand, Ekblom, Royce 
and Saltin, 1967; Thadani and Parker, 1978; Wang, Marshall 
and Sheperd, 1961) that heart rates are higher during 
upright exercise (running and cycle ergometry) than during 
supine exercise (swimming and supine cycle ergometry). These 
studies have also shown there is a significantly (p<0.05) 
higher heart rate at rest in the upright position than 
supine. The pattern of heart rate response during swimming 
and running exercise is similar; 
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the higher the exercise intensity, the greater the heart 
rate response. However, swimming heart rate increases to a 
lesser degree. Reasons for this include a greater cardiac 
output due to an increase in venous return resulting from 
both the prone body position an d greater active muscle mass 
(Astrand & Rodahl , 1970; Kohrt, McArdle, Glaser and Magel, 
1971; Morgan, Bates and Skinner, 1987). The question that 
arises is whether the post-exercise heart rate, which is 
determined in the erect position, is an accurate 
representation of heart rate during swimming exercise, which 
is principally performed in the prone position. 
Investigations have repeatedly indicated that a heart 
rate is a good measure of exercise intensity; the more 
intense the exercise, the higher the heart rate. In most 
instances electrocardiographic (ECG) monitoring of a 
person ' s heart rate requires moderately expensive equipment, 
plus the knowledge to use it. In many situations direct 
measurement can also be impractical due to the interference 
of the monitoring equipment in such activities a s football, 
basketball and swimming. 
Use of radial artery palpation to determine heart rate 
is a simple technique, and with minimal instruction a person 
soon becomes proficient in determining a pulse rate. 
Research has indicated that radial pulse palpation provides 
an accurate measurement · of post-exercise heart rate 
(Couldry, Corbin and Wilcox, 1982; Sedlock, Knowlton, 
Fitzgerald, Tahamont and Schneider, 1983; White, 1977). 
However, little research has been done where swimming was 
used as the mode of exercise. 
There is a need for further research to determine the 
degree of representation of a post-exercise heart rate 
measured in an erect position following swimming exercise 
performed in a prone position. In addition there is a need 
for further research to determine the accuracy of a radial 
pulse as a measure of heart rate during swimming exercise. 
Limitations of the Study 
4 
This study was limited to the 18 members of the Eastern 
Illinois University Adult Fitness Swim Program who 
volunteered as subjects. 
Definition of Terms 
Heart Rate - A measure of cardiac activity expressed as 
the number of beats or cycles per minute. 
Heart Rate Reserve CHRR) - The difference between age 
predicted maximal heart rate and resting heart rate. To work 
at a given percentage of HRR, the formula: 'l.HHR = 'l. [(220-
age) - RHRJ may be employed. 
Palpation - A method of examining or exploring by 
pressure of the fingers to the surface of the body. 
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Immediate Post-exercise 
following an exercise bout. 
Approximately 5 to 10 seconds 
Prone - A position whereby the ventral surface of the 
body lies horizontally and faces downward. 
Radial Pulse - The palpable beat detected in the branch 
of the brachia! artery which passes along the radial side of 
the forearm to the wrist. 
Steady State Heart Rate 
minor deviance or fluctation. 
A consistant rate with only 
Supine - A position whereby the ventral surface of the 
body lies horizontally and faces upward. 
Vantage Performane Monitor - An electronic device which 
records and stores in memory average heart rate values every 
five seconds. 
CHAPTER 2 
Review of Related Literature 
Many investigations have been conducted comparing heart 
rate response during exercise in the supine position and in 
the erect position. There are numerous studies which support 
the use of radial artery palpation as a valid indicator of 
post-exercise heart rate. The following studies provide 
information regarding heart rate response in the supine and 
erect position and the accuracy of radial artery palpation 
as an indicator of post-exercise heart rate. 
Heart Rate Response to Supine and Erect Body Positions 
In 1966, Bevergard, Freyschuss, and Strandell examined 
circulatory system adaptations while in the supine and erect 
positions at rest, during arm ergometry, leg ergometry, and 
combined arm and leg ergometry. Circulatory responses were 
recorded in six men via cardiac catheterization. The 
subjects ' ages ranged from 20 to 28 years. The mean heart 
rates obtained during leg work and combined arm and leg work 
were the same in the supine position and in the sitting 
position. However, the mean heart rate at rest in the supine 
position was 72 beats/min and in the erect position was 83 
beats/min. 
In 1967, a study similar to the Bevergard et al. 
investigation was done by Stenberg, Astrand, Ekblom, Royce, 
and Saltin. They investigated the effects of submaximal and 
maximal work performed on a bicycle ergometer with arms, 
legs, and combined arms and legs on heart rate response in 
the supine and sitting positions. Six men and four women, 
all healthy and well-trained, served as subjects. The heart 
rate was determined by ECG recordings and oxygen uptake was 
measured by the Douglas bag method. It was found that 
generally the heart rate was higher in a sitting position 
than in a supine position at equal oxygen uptake levels. 
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McArdle, Glaser, and Magel, in 1971, studied the V02 , 
heart rate, and ventilatory response of five male collegiate 
swimmers during free swimming and treadmill walking. Heart 
rates were recorded during each exercise by radiotelemetry 
and similar response patterns were found. However, heart 
rates recorded while walking on the treadmill increased to a 
greater overall d e gree. The mean swimming maximal heart rate 
was 168.6 beats/min, while mean walking maximal heart rate 
was 190.4 beats/min. This difference was significant at the 
0.01 level of confidence. 
In 1980, Poliner et al. measured cardiovascular 
exercise responses for both the supine and upright positions 
in seven subjects. Six men and one woman with a mean age of 
26 years, performed exercise tests in the supine position on 
an exercise table with a leg ergometer and in the upright 
position sitting on a bicycle ergometer. The subjects 
completed three exercise stages while in each body position. 
Stage I was set at 300 kpm/min, stage II was 600-750 
kpm/min, and stage III was at a peak workload determined 
separately for each body position. The heart rate response 
was recorded by ECG monitoring. Resting heart rates of 
89 ± 5 beats/min upright and 71 ± 6 beats/min supine were 
significantly different (p<0.05). Heart rates determined 
during exercise in the upright position were significantly 
higher (p<0.05) than the exercise heart rates in the supine 
position. 
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Kohrt, Morgan, Bates, and Skinner, in 1987, conducted a 
study to determine the physiological responses of 13 
male triathletes during maximal treadmill running, cycle 
ergometry, and tethered swimming in a prone position. 
Maximal tests on each mode of exercise consisted of 
incremental increases in resistance at stages two minutes in 
length until the subject was exhausted. A Tektronix 405Z 
microcomputer was used to collect heart rate data from the 
running and cycling test. Swimming heart rates were 
determined by immediate post-exercise palpation. The mean 
maximal swimming heart rate (178 ± 10 beats/min) was found 
to be significantly lower (p<0.05) than the mean treadmill 
heart rate (192 ± 7 beats/min) and mean cycling heart rate 
(190 ± 7 beats/min). The investigators attributed this 
difference to the use of the post-exercise heart rate as an 
indicator of the heart rate actually achieved during 
swimming. 
An upright body position during exercise such as 
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running and cycle ergometry has been shown to result in a 
significantly greater heart rate response than during supine 
exercise such as swimming and supine cycle ergometry. The 
studies have also shown there is a significantly higher 
resting heart rate in the upright position compared to the 
supine position. The results and conclusions of the 
aforementioned studies are supported by other studies which 
employed similar methodology (Bevergard et al, 1960, 1963; 
Thadani & Parker, 1978; Wang et al, 1961). 
The Accuracy of Radial Artery Paloation as an Indicator 
of Post-Exercise Heart Rate 
In 1977, White investigated heart rate changes in 117 
subjects using either carotid, radial, or temporal artery 
palpation immediately following exercise. The subjects (78 
males and 39 females), whose ages ranged from 23 to 63 
years, exercised on a bicycle ergometer at 100 watts for 3 
to 5 minutes. Immediately following exercise the subjects 
secured a 10-second pulse count from one of the three sites 
while a simultaneous ECG recording was made. Resting heart 
rate data was collected in a similar manner at the same 
three locations. There was no significant change in mean 
pre-exercise or mean post-exercise heart rate following 
radial or temporal palpation. Mean post-exercise heart rate 
decreased significantly following carotid palpation 
(p<0.001). The investigator concluded that pulse monitoring 
should be determined by radial or temporal palpation. 
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Couldry, Corbin, and Wilcox (1982) conducted a study to 
determine the accuracy of radial pulse counts. Twelve men 
and eight women exercised on a treadmill at 60 percent of 
their respective heart rate reserve. Three times during the 
steady state exercise the subjects stopped and counted a 10-
second heart rate. Simultaneous ECG recordings were made and 
compared with the counts. The researchers found no 
significant differences between the 10-second counts (mean 
11.38 beats) and the ECG recordings (mean 11.44 beats). 
In 1983, Sedlock, Kn o wlton, Fitzgerald, Tahamont, and 
Schneider investigated the accuracy of a subject-palpated 
radial pulse following a 6-minute step test. Forty-two 
college students were used as subjects, each receiving 
detailed written and illustrated instructions as to the 
proper palpation technique. Immediately following exercise 
the subjects counted their pulse for 15 seconds. ECG 
recordings were also made during the last 15 seconds of 
exercise and continued into recovery. The results indicated 
no significant difference between the subject's count 
(21.1 ± 0.72) and the ECG recording (21.5 ± 0.66). 
Summary 
Investigations have shown heart rates at rest and 
during exercise to be higher in an upright position than in 
a supine position. In most instances this is a significant 
difference. 
The current investigation studied heart rate responses 
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during swimming exercise in a prone position as opposed to 
supine. It is impractical to obtain a radial artery pulse 
while in a prone position, therefore, swimmers must move to 
an erect position to determine the post-exercise heart rate. 
The question is whether this change in body position affects 
heart rate such that it would significantly differ from the 
exercise heart rate. 
CHAPTER 3 
Methodology 
The purpose of this study was to investigate through 
electronic monitoring whether post-exercise heart rates 
determined in the erect position are an accurate 
representation of heart rates achieved during swimming 
exercise performed in the prone position. In addition, a 
comparison was made to determine what differences, if any, 
existed between immediate post-exercise heart rates 
determined by radial palpation and immediate recovery heart 
rates determined by electronic monitoring. 
Subjects 
Fourteen male and four female members of the Eastern 
Illinois University Adult Fitness Swim Program, whose ages 
ranged from 28 to 50 years with a mean age of 39.1 years, 
volunteered as subjects. They were regular swimmers who swam 
an average of 33 minutes a day, three times a week during 
the three months prior to the test. The average number of 
yards swam per workout was 1547.5. The age, height and 
weight descriptions of the individual subjects are provided 
in Appendix A. 
Instrumentation 
A Vantage Performance Monitor (Figure 1) was used to 
determine and record heart rate values at 5-second intervals 
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Receiver I~ 
Transmitter 
Figure 1 
Vantage Performance Monitor 
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during exercise and post-exercise periods. Following 
exercise these values were retrieved from memory and 
recorded. The two, 5-second heart rate values recorded 
during the 10-second period in which the radial artery was 
palpated were averaged to obtain a representative heart rate 
during that 10-second period. 
The Vantage Performance Monitor was validated prior to 
the beginning of the investigation. Five subjects performed 
a submaximal bicycle ergometer test while heart rates were 
simultaneously recorded with a two-lead electrocardiogram 
(ECG) configuration and the Vantage Performance Monitor 
(Appendix B & C). Means and standard deviations were 
calculated for heart rates recorded by the Vantage 
Performance Monitor and by the electrocardiogram (ECG) for 
each stage of the test. Pearson Product Moment Coefficients 
(r=.98 to .99) indicated a strong correlation at all three 
stages. 
Testing Procedure 
Each subject reported to the Eastern Illinois 
University Human Performance Lab at a specified time between 
either 6:00 and 8:00 A.M. on a Tuesday or Thursday or at 
12:00 noon on a Monday, Wednesday or Friday. Upon arrival 
the subject read and signed a consent form (Appendix 0). 
Height and weight were recorded. The subject was then 
instructed, as well as given written instructions, as to the 
proper radial artery palpation technique (Appendix E). A 
radial pulse was chosen as opposed to a carotid pulse 
because of the possibility of eliciting the carotid sinus 
reflex associated with the carotid palpation technique. 
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After moving to the Lantz Gymnasium Swimming Pool deck, 
the electrode belt of the Vantage Performance Monitor was 
placed around the subjects chest wall at the fourth 
intercostal space. The subject was then instructed to 
perform his/her usual warm-up activities and to swim four 
lengths (100 yards ) to become accustomed to the electrode 
belt. Following the four length warm-up, the subje c t 
practiced locating a radial pulse. Immediately prior to 
beginning the actual swim trial, the heart rate monitor was 
sealed within a waterproof bag, started simultaneously with 
a stop watch, and placed within the swim suit of the subject. 
To reach a steady state heart rate the subjects swam 
the front crawl stroke for eight lengths of the pool (200 
yards) at a normal exercise pace that was approximately 60-
70 percent of heart rate reserve. The subject was considered 
to be in a steady state condition when heart rates for the 
final two minutes were less than five beats/min apart 
(Astrand and Ryhming, 1954; Dacey, 1987). 
Upon completion of the swim the subjects stood up in 
the pool, located a radial pulse and counted their pulse for 
a 10-second period. As soon as the subjects located a pulse, 
within 5 to 10 seconds post-exercise, they counted the beats 
for 10 seconds upon the "start" and "stop" commands of the 
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investigator. The investigator noted the time on the stop 
watch at the beginning and end of the 10-second period. 
Documented by the use of a stop watch, the 10-second 
palpation and Vantage Performance monitoring periods were 
judged to be simultaneous in that they both began and ended 
at the same instant. 
All information for each subject was recorded on data 
sheets (Appendix F & G). The mean value for heart rates 
recorded during exercise and recovery by electronic 
monitoring and during recovery by palpation were analyzed to 
determine possible differences. 
Statistical Analysis Techniques 
The data was recorded for statistical treatment. An 
analysis of variance (ANOVA) with repeated measures on the 
same subjects and post-hoc comparisons were used to 
determine if there were significant differences between: 
1. Monitored exercise heart rates taken while swimming 
in the prone position and immediate post-exercise heart 
rates determined by electronic monitoring taken in an 
upright position. 
2. Exercise heart rates determined by electronic 
monitoring and immediate post-exercise heart rates 
determined by radial palpation. 
3. Recovery heart rates determined by electronic 
monitoring and immediate post-exercise heart rates 
determined by radial palpation. 
CHAPTER 4 
Analysis of Data 
Fourteen male and four female members of the Eastern 
Illinois University Adult Fitness Swim Program were studied 
to determine through electronic monitoring whether post-
exercise heart rates determined in an erect position are an 
accurate representation of heart rates achieved during 
swimming exercise performed in the prone position. In 
addition, a comparison was made to determine what 
differences existed between immediate post-exercise heart 
rates determined by radial artery palpation and immediate 
recovery heart rates determined by electronic monitoring. 
Findings 
Descriptive Statistics 
Fourteen male and four female volunteers participated 
in the study. Their individual data may be found in 
appendices A,H and I. None of these data were analyzed 
through inferential statistics, but they are presented as 
descriptive data of the subjects and their performances. 
Demographic and Anthropometric. The means and standard 
deviations for age, height, weight and the vertical distance 
from the xiphoid process (XPD) of the sternum to the water 
level while standing erect in the water are shown in 
Table 1. The mean values of 39.1 years, 70.1 inches and 77.4 
Table 1 
Descriptive Statistics: Demographics, Anthropometric 
Measurements, Water Temperature, Swimming 
Intensities, and Heart Rate Recoveries 
Mean +/- 1 s.o. 
Age (years) 39.1 6.1 
HT (in) 70.1 2.7 
WT (kg) 77.4 10.9 
H2 0 Temp (oC) 28.1 0.3 
XPD (in) -0.417 1.3 
LT (sec) 29.5 3.4 
ST (min:sec) 3:55.8 :27.4 
'l.HRR ( I. ) 64.8 12.7 
HR Recovery (bpm) 
10 sec PE 136.5 15.1 
20 sec PE 128.1 16.2 
30 sec PE 121.5 16.2 
40 sec PE 115.0 14.1 
50 sec PE 110.5 14.7 
60 sec PE 105.0 16.6 
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kilograms are representative of the typical Eastern Illinois 
University Adult Fitness Swimmer. The XPD was considered to 
be of interest because of the varying heights and anatomical 
differences of subjects, which in some instances allowed 
more of the thorax to be submerged. The average score of 
-.417 inches meant that the xiphoid process was an average 
of .417 inches below the level of the water. 
Water Temperature. Because extremes in water 
temperature can affect heart rate (McArdle, Magel, LeSmes, 
and Pechar, 1976), a constant and comfortable swimming 
environment was needed. Appendix H and Table 1 reveal a 
rather consistent water temperature at a mean of 28.1 °C 
with a standard deviation of 0.3 °C. 
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Swimming Intensity. Since the intensity of work as 
described by the swimming velocity in the water and the 
heart rate response are variables in this study, the mean 
and standard deviation for the length time (LT), the total 
eight length -200 yard- swim time (ST) and the percent of 
the age predicted maximum heart rate reserve (/.HRR) at which 
the subjects swam are also presented in Table 1. Of special 
interest was the fact that the subjects, swimming at steady 
state heart rates that typified their normal training 
sessions, swam at an average of 64.8 percent of their age 
predicted maximum heart rate reserve This intensity is 
within the 50 to 85 percent range suggested by the American 
College of Sports Medicine (1990). 
Serial Recovery Heart Rates. Means and standard 
deviations were calculated for the electronically monitored 
heart rates recorded every ten seconds for the first minute 
of recovery (Appendix !). The mean heart rate at the end of 
the first 10 seconds of recovery dropped from the average 
exercise heart rate by 3.7 beats/min. By 20 seconds post-
20 
exercise (PE) the mean heart rate dropped an additional 8.3 
beats/min. The mean heart rate continued to drop an average 
of 5.8 beats/min every 10 seconds thereafter for the first 
minute of recovery (Figure 2). Within one minute, the 
average heart rate dropped from 140.2 beats/min to 105.0 
beats/min. 
Statistical Analysis 
The primary purpose of this investigation was to 
compare the exercise and recovery heart rates resulting from 
a 200 yard front crawl swim. An analysis of variance (ANOVA) 
with repeated measures on the same subjects was used to 
determine if there were significant differences between: 
1. monitored exercise heart rates taken while swimming in 
the prone position and immediate post-exercise heart rates 
determined by electronic monitoring taken in an upright 
position, 2. exercise heart rates determined by electronic 
monitoring and immediate post-exercise heart rates 
determined by radial palpation, and 3. post-exercise heart 
rates determined by electronic monitoring and immediate 
post-exercise heart rates determined by radial palpation. 
Newman-Keuls post-hoc comparisons were done to 
determine significant differences between the techniques. 
Means and standard deviations were calculated for the 
individual data (Appendix J) and are presented in Table 2. 
150 
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Figure 2 
Mean Recovery Heart Rates at Ten Second 
Intervals for One Minute 
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60 
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Table 2 
Heart Rates: Means and Standard Deviations 
HR (bpm) +!- 1 S.D.(bpm) 
Electronically MEHR 
Electronically MRHR 
PRHR 
140.2 
131.5 
126.7 
MEHR - Monitored Exercise Heart Rate 
MRHR - Monitored Immediate Recovery Heart Rate 
PRHR Palpated Immediate Recovery Heart Rate 
13.0 
15.2 
11.4 
Electronically Monitored Exercise Heart Rate. The heart 
rates for all subjects during the last minute of the eight 
length swim test were averaged to obtain the exercise heart 
rate. The mean exercise heart rate (MEHR) was 140.2 
beats/min with one standard deviation at 13.0 beats/min. 
Electronically Monitored Immediate Recovery Heart Rate. 
The monitored immediate recovery heart rate (MRHR) for all 
subjects was obtained by averaging the heart rate recorded 
by the Vantage Performance Monitor during the same immediate 
post-exercise 10-second period as radial palpation. The mean 
monitored recovery heart rate was 131.5 beats/min with one 
standard deviation at 15.2 beats/min. 
Palpated Immediate Recovery Heart Rate. A 10-second 
pulse count obtained immediately following exercise, 
determined a minimum of 5 seconds and a maximum of 10 
seconds post-exercise, was multiplied by 6 to obtain a 
standard 60-second heart rate. The mean palpated immediate 
recovery heart rate (PRHR) was 126.7 beats/min with one 
standard deviation at 11.4 beats/min. 
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Statistical Significance. When applying the ANOVA test 
for repeated measures on the same subjects, a significant F 
ratio (p<.05) was found (Table 3). An F ratio of 34.04 with 
2 and 34 degrees of freedom indicated that there was a 
statistically significant difference in at least one of the 
comparisons. 
To identify where the statistically significant 
differences existed, a Newman-Keuls post-hoc test was 
applied to the data. Table 4 reveals statistically 
significant differences (p<0.5) in all three comparisons: 
MEHR vs. MRHR, MRHR vs. PRHR, and MEHR vs. PRHR. These 
findings support the idea that the electronically monitored 
exercise heart rates determined during swimming are 
significantly different than either of the mean immediate 
post-exercise heart rate scores (MRHR and PRHR). The 
analysis also indicates a statistically significant 
difference between the mean palpated recovery heart rates 
and the mean electronically monitored recovery heart rates. 
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Table 3 
Analysis of Variance 
Source of Sum of Squares Degrees of Mean F 
Variation Freedom Squares 
Between 8220.48 17 
people . 
Within 2559.01 36 
people 
Techniques 1706.77 2 853.38 34.04 
: 
* 
Residual 852.24 34 25.07 
Total 10,779.49 53 
* 0.95 Level of Confidence 
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Table 4 
Newman-Keuls Post-hoc Comparison 
Technique PRHR MRHR MEHR 
Totals 2280.0 2367.5 2524.6 
PRHR 2280.0 - 87.5* 244.6* 
MRHR 2367.5 - 157.1* 
MEHR 2524.6 -
q .9~ (r,34) 2.88 3.47 
nMs ..... q .9~ (r,34) 61.18 73.71 
* 0.95 Level of Confidence 
Discussion 
The related literature reviewed in conjunction with 
this investigation was focused on either resting and 
exercising in a supine position compared to an erect 
position or the accuracy of a radial pulse. Studies 
comparing exercise and recovery in water in relation to body 
position were very few in number. 
When an individual changes from a supine or prone 
position to an erect position there is a change in blood 
flow. The force of gravity causes blood to pool in parts of 
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the body lower than the heart. This causes a reduction in 
venous return which results in diminished cardiac output. 
Consequently, heart rate increases, along with 
vasoconstriction of vessels, in order to restore cardiac 
output (Astrand & Rodahl, 1970). It is possible that the 
hydrostatic pressure of the surrounding water on the lower 
body may have aided in the maintenance of venous return, 
thus minimizing the cardiac output and subsequent heart rate 
adjustments in the present subjects. 
A study done by McMurray (1969) compared the effect of 
body position and immersion on recovery heart rates after 
swimming exercise. He found no significant differences in 
recovery heart rates when the subject recovered in either a 
supine position on the pool deck, an erect position on the 
deck, an erect position in the water, or when slowly 
swimming widths of the pool. However, in this study, a 
comparison was not made between exercise heart rate and 
recovery heart rate. 
In the present study, there was a significant decrease 
when comparing the average heart rate recorded for the final 
minute of exercise to the immediate post-exercise heart 
rate. The influence of stopping exercise and that of 
standing up are factors not separated in this study. From 
the data obtained, it is not possible to attribute the 
changes in heart rate to the movement from a prone exercise 
position to an erect recovery position. Because measurement 
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of cardiac output, venous return and stroke volume was not 
possible, it cannot be inferred that the position change did 
or did not have an effect on heart rate. 
In the present study, heart rate dropped 3.7 beats/min 
during the first 10 seconds of recovery, another 8.4 
beats/min by 20-seconds post-exercise, and an additional 6.6 
beats/min by 30-seconds post-exercise. Although the 
population was not the same, Magel, McArdle and Glaser 
(1969) found similar results. They investigated exercise and 
recovery heart rate during competitive swimming events and 
found that 10 seconds after completing a maximal 200 yard 
swim, the average heart rate dropped 4 beats/min and 
additional 6 beats/min by 20-seconds post-exercise. 
The use of a post-exercise heart rate as an estimation of 
exercise heart rate becomes more inaccurate the longer the 
recovery interval. For example, in the present study, mean 
heart rate decreased from 140.2 beats / min to 136.5 beats/min 
after ten seconds of recovery. The mean heart rate dropped 
to 128.1 beats/min 20-seconds post-exercise and to 121.5 
beats/min 30-seconds post-exercise. 
The results of this study indicate that an immediate 
post-exercise 10-second radial pulse count following 
moderate work (60 - 701. HHR) is not an accurate 
representation of the absolute exercise heart rate. However, 
in 13 of the 18 subjects tested, recovery heart rates 
dropped less than 3 beats/min by 10 seconds post-exercise. 
The difference between the monitored recovery heart 
rate and palpated recovery heart rate may be attributed to 
error in counting beats. It would have been interesting to 
have had an ECG strip of the actual cardiac cycles to 
eliminate this possibility of error. 
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Post-exercise heart rates determined by palpation 
should be obtained as quickly as possible upon cessation of 
exercise and for a short period of time (i.e. 10 seconds as 
opposed to 15 seconds to reduce the influence of rapid heart 
rate recovery). 
Although the results of this study indicate that post-
exercise heart rates are inaccurate absolute predictors, 
they still provide a relative measure of the exercise 
intensity. Consideration as to the degree of accuracy must 
be taken into account when a person uses a post-exercise 
heart rate as a measure of the exercise heart rate. 
CHAPTER 5 
Summary, Conclusions and Recommendations 
Summary 
This study was conducted to investigate through 
electronic monitoring whether immediate post-exercise heart 
rates determined in an erect position are an accurate 
representation of heart rates achieved during swimming 
exercises performed in the prone position. In addition, a 
comparison was made to determine what differences, if any, 
existed between immediate post-exercise heart rates 
determined by radial artery palpation and immediate recovery 
heart rates determined by electronic monitoring. 
Fourteen male and four female members of the Eastern 
Illinois University Adult Fitness Swim Program, whose ages 
ranged from 28 to 50 years, volunteered to be in the study. 
The subjects were experienced swimmers who swam an average 
of 33 minutes a day, three times a week for at least three 
months prior to the test. 
Each subject reported to the Eastern Illinois 
University Human Performance Lab where height and weight 
were recorded. The radial palpation technique was then 
explained, demonstrated and practiced. Each subject swam 
four lengths (100 yds) for warm-up, then swam eight lengths 
at a normal exercise pace, approximately 60-70 percent of 
heart rate reserve. Heart rates were electronically recorded 
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continuously by a Vantage Performance Monitor during the 
exercise and recovery periods. Immediately following 
exercise the subjects stood erect, located a radial pulse as 
soon as possible (within 5 to 10 seconds) and counted their 
pulse for a 10-second period. Simultaneously, the Vantage 
Performance Monitor recorded heart rates during this 
10-second period and for one minute post-exercise. 
The heart rate values recorded by monitoring and 
palpation were analyzed to determine possible differences. 
An analysis of variance (ANOVA) with repeated measures on 
the same subjects and Newman-Keuls post-hoc comparisons, 
were used to determine if there were significant differences 
between: 1. monitored exercise heart rates taken while 
swimming in the prone position and immediate post-exercise 
heart rates determined by electronic monitoring in an 
upright position, 2. exercise heart rates determined by 
electronic monitoring and immediate post - exercise heart 
rates determined by radial palpation, and 3. post-exercise 
heart rates determined by electronic monitoring and 
immediate post-exercise heart rates determined by radial 
artery palpation. 
Conclusions 
Based on the findings of this study, it was concluded 
that: 1. there is a significant difference (p<.05) between 
the immediate post-exercise heart rates determined in an 
erect position and the exercise heart rates recorded during 
the swimming exercise performed in a prone position, and 
2. there is a significant difference (p<0.05) between the 
immediate post-exercise heart rates determined by radial 
palpation and the recovery heart rates determined by 
electronic monitoring. Because of the design of this 
investiga.tion, it is not possible to attribute the changes 
in heart rates to the movement from a prone exercise 
position to an erect recovery position. 
Recommendations for Swimmers 
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1. It is recommended that a post-exercise heart rate 
palpation be obtained as quickly as possible upon cessation 
of exercise and for a short period of time. A 10-second 
period is recommended as opposed to a 15-second period. 
2. If electronic monitoring is available, it is 
recommended that swimmers have his/her heart rate monitored 
during exercise and recovery periods to determine how 
representative a 10-second post-exercise heart rate is of 
actual exercise heart rate. 
Recommendations for Further Research 
Based on the findings of this study, the following 
recommendations for further research appear warranted. 
1. A similar study should be conducted that would 
determine exercise and recovery heart rates from 
electrocardiogram strips. 
2. A similar study should be conducted where levels of 
exercise intensity ranging from 90 to 100 percent 
of heart rate reserve are employed to investigate 
exercise and post-exercise heart rate recovery variations. 
3. A similar study should be conducted utilizing a 
carotid pulse as a measure of post-exercise heart rate. 
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4. A similar study should be conducted where a 6-
second post-exercise palpation period is employed to 
determine the degree of exercise heart rate representation. 
5. A similar study should be conducted where the 
change in resting heart rate when moving from a prone to 
erect position in the water is compared to those values 
obtained from the swim test. 
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APPENDIX A 
AGE. HEIGHT AND WEIGHT DESCRIPTIONS FOR 
THE INDIVIDUAL SUBJECTS 
Subject Age (yrs) Height (cm) Weight (kg) 
01 31 179.1 82.5 
02 34 157.2 51. 5 
03 37 172.7 81.0 
04 40 177.8 75.5 
05 39 176.5 79.5 
06 45 177.8 76.5 
07 45 177.8 78.0 
08 46 181.6 82.5 
09 50 182.9 75.5 
10 35 180.3 78.5 
11 39 190.5 93.5 
12 28 177.8 64.5 
13 42 170.2 73.5 
14 32 185.4 65.5 
15 46 179.1 74.5 
16 36 177.8 76.0 
17 35 180.3 102.5 
18 44 180.3 83.0 
Mean 39.1 178.1 77.4 
+!- 1 S.D. 6.1 6.8 10.9 
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APPENDIX B 
MEANS, STANDARD DEVIATIONS AND PEARSON 
CORRELATIONS FOR SUBMAXIMAL BICYCLE ERGOMETER TEST 
STAGE (kgm/min) METHOD HR (BEATS/MIN) 
150 VPM 92.2 + 9.6 
ECG 90.2 + 9.5 
300 VPM 107.8 + 10.4 
ECG 106.6 + 10.4 
450 VPM 121.4 + 9.6 
ECG 118.0 + 9.3 
VPM - Vantage Performance Monitor 
ECG - Electrocardiogram 
r 
0.98 
0.99 
0.99 
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APPENDIX C 
DATA FOR THE SUBMAXIMAL BICYCLE TESTS 
Subject 
01 
02 
03 
04 
05 
MEAN 
STAGE I 
VPM ECG 
89 
83 
105 
102 
82 
86 
79 
103 
100 
83 
92.2 90.2 
STAGE II 
VPM ECG 
108 
103 
126 
108 
94 
109 
100 
125 
107 
94 
107.8 106.6 
VPM - Vantage Performance Monitor 
ECG - Electrocardiogram 
STAGE III 
VPM ECG 
118 
118 
140 
119 
112 
115 
115 
136 
115 
109 
121.4 118.0 
APPENDIX D 
CONSENT FOR PARTICIPATION IN A RESEARCH PROJECT 
I , state that I wish to 
participate in the research project conducted by Jonathan 
Kessel. 
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The purpose of this study is to investigate if an 
immediate post-exercise heart rate, which is determined in 
an erect position , is an accurate representation of heart 
rate during swimming exercise, which is performed in the 
prone position. In addition a comparison will be made to 
determine what differences, if any, exist between an 
immediate post-exercise heart rate determined by radial 
palpation and an exercise heart rate determined by 
electronic monitoring. My participation involves 
approximately one-half hour of time in the Eastern Illi nois 
University swimming pool. I will perform one trial of 
swimming exercise. My heart rate will be monitored 
continuously by a Vantage Performance Monitor during 
exercise and recovery periods. Following the swimming 
exercise I will determine my heart rate by radial palpation. 
A benefit of this study is to learn the proper radial 
palpation technique. The personal risks are minimal. I may 
withdraw from this study at any time without questions being 
asked. All my questions concerning this study have been 
answered. I consent to the anonymous use of my information 
in a research project. 
I have read the above statement and do understand all the 
risks and benefits associated with this study. I freely and 
voluntarily consent to my participation in this research 
project. 
DATE VOLUNTEER 
DATE WITNESS 
APPENDIX E 
RADIAL ARTERY PALPATION INSTRUCTIONS 
1. The pulse area is indicated in the figure. Note that it 
is on the thumb side. 
2. Right-handed people should use the first two fingers 
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of your right hand to count the pulse on your left wrist. 
This would be reversed for left-handed people. 
3. Press lightly with the first two fingers to obtain a 
pulse. 
4. Start and stop counting at the instructor's command. 
APPENDIX F 
DATA SHEET 
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Subject ' s Name ____________________________ _ 
Date ___ _ 
Height (cm) 
Weight (kg) 
Water temperature (°C) 
Time ___ _ 
Distance from H2 0 to ziphoid process (cm) 
Total swimming time 
Average seconds I length 
Number of pulse counts 
Age ___ _ 
TIME ON THE WATCH 
Swimming exercise 
P.E. 10-second period 
Beginning Ending 
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APPENDIX G 
DATA SHEET FOR MONITORED HEART RATES 
Subject ' s Name 
TIME HR TIME HR TIME HR TIME HR 
0:00 2:30 5:00 7:30 
0:05 2:35 5:05 7:35 
0:10 2:40 5:10 7:40 
0: 15 2:45 5:15 7:45 
0:20 2:50 5:20 7:50 
0:25 2:55 5:2 5 7:55 
0:30 3 :00 5: 30 8: 00 
0:35 3: 0 5 5: 35 8:05 
0:40 3: 10 5:40 8: 10 
0:45 3: 15 5:45 8: 15 
0:50 3:20 5:50 8:20 
0:55 3:25 5:55 · 8:25 
1:00 3:30 6:00 8:30 
1:05 3:35 6:05 8:35 
1:10 3:40 6: 10 8:40 
1:15 3:45 6:15 8:45 
1:20 3 :50 6:20 8:50 
1:25 3:55 6:25 8:55 
1:30 4:00 6:30 9:00 
1:35 4:05 6:35 9:05 
1:40 4: 10 6:40 9: 10 
1:45 4:15 6:45 9: 15 
1:50 4:20 6:50 9:20 
1:55 4:25 6:55 9:25 
2:00 4:30 7:00 9:30 
2:05 4:35 7:05 9:35 
2:10 4:40 7: 10 9:40 
2:15 4:45 7: 15 9:45 
2:20 4:50 7:20 9:50 
2:25 4:55 7:25 9:55 
APPENDIX H 
DESCRIPTIVE STATISTICS FOR THE INDIVIDUAL SUBJECTS 
Subject H~O Temp(°C) XPD (in) LT (sec) ST (min) 
01 28.0 +0.5 27.0 3:34 
02 28.5 -3.5 27.5 3:40 
03 28.0 -2.5 31. 5 4: 12 
04 28.0 -1.0 24.1 3: 13 
05 28.0 -1.0 31.4 4:11 
06 28.0 0.0 33.0 4:24 
07 28.0 o.o 27.9 3:43 
08 28.5 0.0 35.9 4:47 
09 28.5 +1.0 27.0 3:36 
10 28.5 -1.0 28.6 3:49 
11 28.5 +1.0 22.9 3:03 
12 28.0 +1.0 29.4 3:55 
13 28.5 -2.0 25.9 3:27 
14 27.5 +1. 5 32.4 4:19 
15 28.0 -1.0 32.5 4:20 
16 27.5 -0.5 32.5 4:20 
17 28.0 o.o 29.5 3:56 
18 28.5 o.o 31.9 4:15 
Mean 28.1 -.417 29.5 3:55.8 
+/- 1 S.D. 0.3 1.3 3.4 :27.4 
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'l.HHR 
55.0 
67.0 
56.0 
62.3 
75.3 
76.4 
65.3 
67.4 
79.1 
75.4 
51.3 
49.3 
90.6 
70.6 
71.6 
68.3 
42.4 
43.1 
64.8 
12.7 
XPD - Distance from the xiphoid process to the water level 
LT - Length Time 
ST - Swimming Time 
'l.HHR - Percent Heart Rate Reserve 
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APPENDIX I 
MONITORED RECOVERY HEART RATES 
Subject EHR 
01 131.0 
02 144.4 
03 135.2 
04 133.3 
05 148.9 
06 151.2 
07 133.7 
08 136.2 
09 147.9 
10 154.8 
11 125.5 
12 125.6 
13 168.4 
14 152.0 
15 149.5 
16 144.7 
17 121.6 
18 120.8 
Mean 140.2 
+/- 1 S.D. 13.0 
!OPE 20PE 30PE 40PE 50PE 60PE 
131 108 105 104 102 98 
133 119 116 112 101 95 
135 118 115 110 110 104 
134 123 117 109 99 87 
132 132 116 113 106 103 
149 149 131 114 118 116 
132 120 109 103 92 78 
136 125 114 108 108 108 
146 142 143 124 112 108 
155 145 141 134 129 125 
114 106 108 101 93 99 
112 107 100 96 93 88 
168 156 158 145 137 142 
152 144 141 136 135 127 
152 152 135 134 134 122 
138 127 120 118 113 104 
119 114 100 99 99 84 
119 119 119 110 108 102 
136.5 128.1 121.5 115.0 110.5 105.0 
15.1 16.2 16.2 14.1 14.7 16.6 
APPENDIX J 
HEART RATE SCORES FOR THE INDIVIDUAL SUBJECTS 
Subject 
01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 
13 
14 
15 
16 
17 
18 
Mean 
+I- 1 S.D. 
MEHR 
131.0 
144.4 
135.2 
133.5 
148.9 
151.2 
133.7 
136.2 
147.8 
154.8 
125.5 
125.6 
168.4 
152.0 
149.5 
144.7 
121.6 
120.8 
140.2 
13.0 
MRHR 
113.5 
128.5 
126.5 
129.5 
132.0 
149.0 
123.5 
125.0 
144.5 
149.5 
111.0 
109.5 
158.0 
149.0 
152.0 
130.0 
117.5 
119.0 
131.5 
15.2 
PRHR 
114 
120 
121 
132 
132 
144 
120 
120 
144 
126 
108 
114 
144 
138 
138 
126 
114 
120 
126.7 
11.4 
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